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DESCRDTIONANDPRELIMINARYFLIGHTINVESTIGATIONOFAN

INSTRUMENTFOR

By Garknd

DETECTINGSUBNORMALACCELEMTION

DURINGTAKE-OFF

J.MorrisandLindsayJ.Lina

An evaluationhasbeenmadeofa protoQpeinstrumentdesiweiito
givean immediateindicationof lossinairplaneaccelerationdueto “
powerdeficiencyor increasedresistanceatanytimeduringtake-offat
whichthepilotstill.hasa choiceofconttiuingor stopping.Theprin-
cipalcomponentsofthisinstrumentarea linearaccelerometeranda
pressurediaphragmcoupledtogethersothatthenormaldecreaseinaccel-
erationwithincreasingvelociQduringtake-offis compensatedby the
increaseindynamicpressureinorderto givea constantpredictable
indicatorreadingaslongas thethrustandresistancearenormal.

Satisfactoryoperationoftheinstrumentrequiresthatno substan-
tialvariationinattitudeoftheairplaneoccursup to thespeedbeyond
whichthepilotcanno longersafelystopthetake-off.Measurements
madeofattitudeangleandlongitudinalaccelerationsduringthetake-off
onthreewidelydifferentQ_pesof tricycle-gearedairplanesindicated
thatatleastforthesecasesthevariationofattitudeanglewaswithin
tolerablelimits.A simplifiedproto@peoftheproposedinstrumentwas
testedina tricycle-gearedjettrainer.Thetestsrevealeda low-
frequencyoscillationintheindicationwhich,althoughundesirable,would
notundulyinterferewithreadingtheinstrument.Theindicationremained
essentiallyconstantthroughoutthetake-offup tonose-wheellift-off
whenfullpowerwasmaintained.Responseoftheindicationto simulated
partialpowerlosswasimmediateandtheindicationwasconsistentfor
givenpowersettingsindifferenttake-offs.

INTRODUCTION

Abilityofthepilottorecognizequicklyanyappreciabledeficiency
inairplameaccelerationduringtake-offisbecomingincreasinglyimpor-
tantasperformanceduringtake-offbecomesmorecritical.Theuseof
highwingloadingsandwingswithlowermaximum-liftcapabilities,par-
ticularlyonthenewer-jetairplanes,hasresultedin smallertake-off
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2 NACATN 3252

performancemqginsonexistingrunways.Crasheshaveoccurredintake-
offbecauseofthepilotfsapparentinabilitytorecognizethefactthat
theairplaneperformancewaslessthanthatpredictedby theuseofavail-
ablemeteorologicaldatiandtake-offcharts.Lossesinairplanetake-off
performancecsaoccurfroma lossinthrust,anincreaseinrollingor
aerodynamicresistance,ormeteorologicalconditionsdifferentfromthose
usedinthetake-offcalculations.

An instrumentdesignedtoaidthepilotindetectingmalfunctionof
theairplaneduringtake-offhasbeenproposedintheLangleyFlight
ResearchDivision.Someprelhinaryflighttestsweremadetoverify
assumptionsonwhichthedesignoftheinstrumentisbased.A simplified
versionoftheinstrumentwasthenconstructedandtistalledinan air-
planeforevaluationintake-off.A descriptionoftheinstrumentand
theresultsoftheflighttestsarereportedherein.
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BASIC

accelerometerunitfromhorizontal

DESIGNCONSIDERATIONS

Theimmdiaterecognitionofa malfunctionofanairplaneintake-
whethercausedby lossofthrustor increasedresistance,isdepend-

entonthesensingof-achangeinacceleration.However,a simplelon-
gitudinalaccelerometeralonewouldnotbe suitableas a detectorsince
theaccelerationofanairplanenormallydecreasesintake-offas a
resultof increasingaerodynamicdraganddecreasingnetthrust.The
pilotmight,therefore,be unabletodistinguishbetweena deficiency
inaccelerationduetomalfunctionandthenormaldecreaseinaccelera-
tionafterthetake-offisunderway.

However,by incorporatinga dynamic-pressuresensingelementwith
thelongitudinalaccelerometer,thedecreaseinaccelerationwith
increasingspeedcouldbecompensatedfortogivea constantpredictable
readingaslongastheairplanefunctionsproperlywithinthelimits
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4 NACATN 3252

prescribedherein.A lossinaccele=tionatthestartofandduring
thet&e-offwouldthereforebe quicklydetectableas a departureof
theindicationfromtheexpectedconstantvalue.An obviousshortcoming
intheuseofanaccelerometerelement,ifit isfixedwithrespectto
theairplane,isthatitwouldrespondnotonlytohorizontalaccelera-
tion,asdesired,butalsotovariationsinattitudeangleoftheair-
plane.Itwasthought,however,thatwithmny modernairplanesthe
attitudeanglewhiletheairplaneisonthegroundisconstrainedwithin
SW ldmitsby thearrangementof thetricycle-orbicycle-typegears
sothatvariationsinattitudeangleduringthepartofthetake-offof
primaryconcern(uptothecriticalspeed,thatis,thespeedbeyond
whichthepilotcannolongerstopthetake-off)mightnotbe a serious
problem.Thevalidityofthisassumptionisdiscussedlater.

Equationofmtion oftheairplane.-‘Themotionofanairplane
acceleratinginthe”take-offata constantattitudeanglemaybe expressed
as

Wah=F6t-~q-
dq

C&q - V(W- C!Lsq)

whichmaybe rearranged

Fst
ah.~-~

( )
-p@-pc!.&+!g

andforsmll angles

ah.~-e”

where 6 ismeasuredinradians.Now,ifa constant
inthetake-off,a constantfrictioncoefficient,and

(1)

(2)

angleofattack
a constantvalue

of dF/dqsreassumed,theterm C@ - ~CLS+ ~ canbe replacedby a
—

constantwhichforconveniencemaybe designatedeffectivedragarea ‘De
oftheairplane.Assume,inaddition,thattheaccelerometerunitis
initiallydinedwiththehorizontal(9= O)andthattheattituderemains
constant,then
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NACATN 3252 5

andfora giventake-offcondition(fixedvalueofgrossweightandstatic
thrust)

~+#fDe = constant

Theterms“ineqyation(3)areillustrated

(4)

h figure1,whichshows

thevariationsof ~ and ~ De thathavebeencalculatedforthe~f

take-offofa multienginedjetbonber.Resultsareincludedtorepresent
botha properlyfunctiordngtake-offanda take-offinwhichanengine
failureoccursat a dynamicpressureof19poundspersquarefoot(indi-
catedairspeedofabout75knots).

Equationsofforcesintheinstrum-ent.-Thebasicdesignofthe
instrumentisillustratedschematicallyinfigure2. As showninthe
illustration,a constantreadingonthescaleismaintainedina normal
take-offby anequilibriumofmomentsdueto forcesresultingfromlon-
gitudinalacceleration,fromimpactpressureactingonthediaphragm,
andfromthespringforceofthediaphr~. A constantdialreadhgis
maintainedina normaltske-offwithinlimitspresentedbecausethe
decreaseinthemomentoftheaccelerometerelementiscompensatedfor
duringthetake-offby an increasedmomentfromtheairspeeddiaphragm
resultingfromincreaseddynamicpressure.Thisprincipleofcompen-

satingforcechangesmustbe relatedto theadditionof ~ and ~ Deif

as,forexample,showninfigure1. Theequilibriumofmomentsinthe
instrumentisgivenbythefollowingequation:

(Momentfromaccelerometerelement)= (Momentfromairspeeddiaphragm)

~Z = -b(Aq- K5) (5)

or

.

Inorderthat 5
tion(6)forthe
fortheairplane

bAq bK5
++T=T (6)

maybe independentofforwardspeed,thetermsinequa-
instrumentMUStbe relatedtothetermsinequation(3)
inthefollowingmanner:

. .——. ,-—.. —..—— — z —.——
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bA fDe
—= —
W2 w

or

(7)

z -WAb
‘De

(8)

Then,thetermfortheinstrument,ontheleft-handsideoftheequation,
mustbe relatedto thetermfortheairplane,ontheright-handsideof
theequation,asfollows:

cotiiningequations(8)

Equation(8)showsthat

FstbKb
—=WV (9)W7,

and(9) .-

(
b=~F~t

)
- pw (lo)

~De

themomentarmoftheaccelerometerelementinthe
instrmentmustbe adjustableto allowforvariationsingrossweightand
effectivedragareaoftheairplane,andecyxation(10)indicatesthatwith
thisadjustmentthedeflectionoftheneedleonthedialoftheinstrument‘
willbe independentofforwardspeedandproportionaltothezero-speed
excessthrustsincetheotiertermsareassumedconstant.Itcanbe seen
thata givendecrementinaccelerationsuchasmightresultfroma loss
ofthrustwouldbe indicatedquantitativelyasa comparablepercentage
changein diald.eflection~

Additionalconsiderationsinthedesign.- Theadjustmentofthearm
lengthZ (fig.2)canbemadea functionofweightchangealoneifthe
assmptionismadethatfora givenairplanetheeffectivedragareawill
be fixed,thatis,thatthedragconfiguration,includingflapposition
andexternalstoreinstallations,willnotbe changed.Otherwise,the
relationbetweenarmlengthandairplaneweightwouldhavetobe changed
inaccordancewithequation(8).Theassumptionofconstanteffectin
dragarea ‘De fora givenairplanealsoimpliesthatthevalueof dF/dq
orrateof changeofthrustwithdynamicpressureincludedinthisfactor
isindependentof speed
not&ue. However,the

andatmospheric
contributionof

conditions. Thisimplicationis
dF/dq tothevalueof fDe is

.
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generallysmallandtheeffectofvariationsinthisfactorontheindi-
cationsoftheinstrumentshouldbe sufficientlysmalllto Justifythis
assumption.

Thediscussionofthetake-offindicatorsofarhasbeenbasedon
thepremisethattheweightoftheairplaneattake-offwillalwaysbe
lmownwithincloselimits(1or2 percefi).Iftheweightestimateis
inerror,thenthetake-offdistancepredictedfromtheregularairplane
take-offchartswillalsobe inerror.Iftheweightsettingofthe
take-offindicatorinvolvesthesameerror,thenthedeflectionofthe
needleonthedialwillbe lessorgreaterthanthepredeterminedvalue
dependingonwhethertheweightisunderestimatedoroverestimated,
respectively.,Theindicationwouldthereforebe intherightdirection
to showwhethertheactualtake-offwouldbe longeror shorterthanpre-
dictedbutitwouldnotbe quantitativelycorrect.Thatis,a given
percentagedifferenceineitherinitialexcessthrustorweight(fora
fixedweightsettingoftheinstrument)wouldresultinthesamepercetiage
changein indicatorreadingbutintermsoftake-offdistancewouldcause
approximatelythessmepercentagechangeinonecase(thrust)andapprox-
imatelytwicetbepercentagechangeintheothercase(weight).Under
certaincircumstancestheinstrumentmightindicatea readinginthe
wrongdirectionwithrespecttothedifferenceintake-offdistance;for
example,iftheinitialexcessthrustwere7 percentinexcessofthe
expectedvalueandtheweightwereunderestimatedby 5 percent,theindi-
catorreadingwouldshowa favomblemarginfromwhichitwouldbe expected
thatthetake-offwouldbe about3 percentshorterthanpredicted,whereas
itwouldactua~ybe 3 percentlonger.Forthesuccessfuluseofthis
instrument,therefore,theweightoftheairphnemustbe knownaccurately.

Illustrativeexampleofthetake-offinstrument.- ~ orderto show
a possiblegeneralarrangementofthetake-offindicatorincluding
externaladjustmentknobs,an illustrativeschematicsketchispresented
infigure3. Manylibertieshavebeentaken,forconvenienceof illus-
tration,withthesizesandarrangementofelementsofthemechanism;
forexample,theaxisofrotationoftheaccelerometerelement,whichis
shownhorizontal,wouldbe verticalinanactualinstrumentto avoidthe
influenceofverticalacceleration.

Adjustmentoftheleverarmoftheaccelerometermassisaccomplished
by meansofan externalknobanda geartrain.Pushingintheexternal
weightknobsimultaneouslyengagesthegearsystemsforadjustmentofthe
leverarmandmovementoftheindicatorfortheairplaneweightscale.

Withtheadjusbentforairplaneweightproperlysetin,theposi-
tionoftheindicatorneedleduringtake-offwillthenbea functiononly
of theinitialexcessthrust(fora fixedaerodynamicconfiguration),
thatis,thedifference
of thewheels.Because

betweenthestaticthrustandtherollingfriction
theexpectedfull-throttlestaticthrustofthe

—
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enginesisa lmownfumtionofalamsphericpressureandtemperature,
thisinformationcanbe incorporatedina simplechart,accountbeing
takenoftheeffectofweightonroldingfriction(thecoefficientof
roU@ frictionp can generallybe takenas 0.02fordryconcrete
run~ys)andthecalibrationconstantsoftheinstrument.Fromthis
chartthereadingthattheinstrumentshouldhaveduringtake-off,if
theairplaneisfunctioningproperly,canbe determined.An exampleof
thischartisgiveninfigure4. Theprocedureforreadingthechart
isshownfora temperatureof @ F, a pressurealtitudeof3,000feet,
anda weightof1~,000pounds;thesevaluesgivea dial-settingreading
.of27.9.Thechartreadingcanthenbesettitotheinstrumenttopro-
videa referencefortheactualreading.

Thepredictedpositionoftheindicabrneedleintal&-off,asdeter-
minedfromthechart,canbe settitotheinstrumentby meansofan
externalknobgearedtoa rotatabledialonwhicharemarkedan arrow
anda suitablescalearoundtherimstartingwithzeroatthearrow.
Thedialisrotateduntilthemniberonthedialcorrespondingto the
chartreadingisinlinewiththeindicatorneedle.Thissettingismade
withtheairplanestandingstillandwiththeenginesidldngor stopped
toavoida nose-downnmmentduetobrakinganda possiblechsmgein
attitudeanglewhichisnotpresentwiththeairplanerunningwithbrakes
releasedinthetake-off.Becausetheinstrumentissensitiwto changes
inattitudeangle,asdiscussedpreviously,settingthe&Ml_withrespect
tothestaticpositionofthetidicatorneedleshouldautomaticallycom-
pensateforsmallvariationsingroundattitudeanglecausedby variations
inairplaneloading.

Ina take-offtheindicatorneedle~ swingquicklyfrom“itsstatic
positiontm alinementwiththearrowonthe’dialiftheairplaneis
functioningaccordingtoexpectations.fithethrustisbelownormalor
thereisexcessiveresistance,theneedlepositionwillfallshortofthe
referencepointer;thusa longertake-offrunthanexpectedis indicate&

- orderthatanindicationof stinormalperfomnancemighthavesome
significancetothepilotintermsoftheincreaseintake-offrunthat
willbe required,someprovisiontomeetthisneedshouldbe incorporated
intheinstrument.Itwasfoundfromcalculationsthat,forallcondi-
tionsunderwhichtake-offsarelikelytobe rode,a givenpercentage
changeininitialexcessthrust(ortake-offindicatorreading)will
resultinnearlya fixedpercentagechangeintake-offdistance.It
appearsthereforethat,ifa secondaryreferenceisprovidedontheinstru-
mentdialwithprovisiontomaintainitatan intervalbelowtheprimary
referencearrowwhichisa constantpercentageofthereferencearrow
ordialsetting,thisintervalcouldbe consideredasrepresenting,
closelyenough,a constantpercentageincreaseintake-offrunforall
conditions. (A@’picalvalueoftheintervalwouldbe about7 percent
ofthedialsettingfora 10-percentincreaseintake-offrun.) ~ the
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arrangementshowninfigure3,thissecondary
meansofa subdialgearedtothedial-setting
thanthemainlllal.A segmentof contrasting
dialispaintedonthesubdialandexposedby
dialadjacenttotheprimEryreferencearrow.

referenceisobtainedby
knobata lowergearratio
colorto thatofthemain
a windowcutinthemain
Theextentofexposed

coloredregionistherebyautomaticallyadjustedtomaintainitat the
properpercentageoftheprimryreferencesettingwhentheprimaryref-
erenceordialsettingisadjusted.Forapplicationswheretheexpected
rangeofdialsettingsisnotexpectedtobe large,itmy be sufficient
toprovidea fixedsecondaryreferenceonthemaindial.

Ifeliminationoftheuseofa chartisconsidereddesirable,a
refinementoftheinstrumentispossiblethatwillallowthepilotto
makethenecessarypreflightadjustmentsby meansofknobshavingscales
forairplaneweight,atmospherictemperature,andbarometricpressure.
Theinstrumentwouldrequirea computingmechanismthatwouldaccount
forthevariationsof staticthrustwithatmosphericpressureandtem-
peratureandthevariationOfrollingresistancewithweight.

FLIGETTESTS

Measurementsto.ver~ basicassumptions.-Beforeconstructionof
an instrument,f~ghttestswerermdetodeterminetheextentof atti-
tudechangeduringthetake-offrunaswellasthelineari~ofthevari-
ationofaccelerationwithimpactpressure.Measurementswerewde of
impactpressureandlongitudinalaccelerationduringtake-offsofa
multienginedpropeller-drivenboniberequippedwitha tricyclelanding
gear.Extensivetistrmentationofthisairp- foranotherinvestiga-
tionalloweddetailedmeasurementsof strutandtiredeflectionsandthus
permittedan accwatedeterminationofattitudeangle.Theresultsof
themeasurementsareshowninfigure5. Theattitudeangleremained

constantwithin0.004radian
()to

throughoutthetake-offuntilaction

wastakento Hft thenosewheeljustbeforelift-off.Thisvariation
inattitudeanglewouldcausean errorofonlyO.O@tgorabout1 per-
centinthehorizontalaccelerationasmeasuredinthisa~~e ~th a
longitudinalaccelerometerand,hence,is sufficientlysmdlto permit
theuseoftheproposedInstrument.Thevariationofaccelerationwith
impactpressureis showninfigure5 forseveraltake-offs.Theseresults
indicatethattherelationbetweenaccelerationand@act pressureis
essentiallylineqrandconsistent.Datapointsatthestartofthetake-
offhavebeeneliminatedfromtheplotbecausethepilotwasusingbrakes
to maintain heading.

Measurementsof
alsoobtainedduring
withanafterburner.

longitudinalaccelerationandimpactpressurewere
take-offofa tricycle-gearedjetfighterequipped
!l?heresultsareshowninfigure6. Hereagainthe
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variationinaccelerationwithdynamicpressureis

NACATN 3252

apparentlylinear.
Thefluctuationofabout*0.Olgintheaccelerometerreadingaboutthe
linearvaro~tionprobablyreflectsa rockingmotionoftheairplane
/

(about* ~
)
which,althoughlargerthantheattitudevariationofthe

boriber,isstillwithinthel~ts reqpiredforsatisfactoryuseofthe
proposedtake-offindicator.

Testsofprelfrnlnq instrument.-lTiththeevidencethatatleast
forsomeairplanesthevariationof attitudeangleissmallduringa
substantialpartofthetake-off,thedesignandconstructionofa pre-
liminaryinstrumentwasundertakenforevaluationofthepracticability
ofthedevice.l!bisinstrumentincorporatesthemainprinciplesoutlined
above.Inasmuchastheinstrumentwastitendedonlyfortestpurposes,it
didnotincludeprovisionsforexternaladjustmentoftheaccelerometer
sensitivityto compensateforairplaneweightchangesormeansforsetting
a referencepointerattheexpectedreding. Theindicatordialissimply
msrkedindegreesof anguh.rdisplacementoftheindicatorneedle.A
photographoftheinstrumentis shownasfigure7.

Theinstrumentwiththeaccelerometer-elementsensittvi~adjusted
accordingto equation(8)fortake-offweightandestimatedeffective
dragareawasinstalledina jettraherequippedwithtricyclelanding
gear.A preliminary-checkofthesettingoftheinstrumentwasobtained
by havingthepilotmonitoritduringa take-off.Provisionwasthen
madeforobtainingdetailedobservationsof itsperformanceby photo-
graphingtheinstrumenttogetherwiththeengine-speedaridairspeedindic-
ators. A 16-mi~imeterguncamerasetat 24framespersecondwasused.

Threetake-offsweremadewithinaboutl~hoursduringwhichtimeatmos-

phericconditionsremainedessentiallyconstmt.Theplanewasrefueled
aftereachtslce-offh ordertomaintaintheweightasnearlyconstant
aspossible.

Theresultsofthethreetestsareshowninfigure8 astimehis-
toriesofthereadingsofthetake-offindicator,engine-speedindicator,
andairspeedindicator.Airspeedbelow~ lmotswasnotplottedbecause
theairspeedindicatorwasnotdesignedtobe readbelowthisspeed.

Thefirsttestwasa normaltake-offinwhichabout99percent
normalenginespeedwasmaintainedup to anairspeedof ~ hots. The
take-off-indicatorreadingremdmedatabout3800whichfromthecalibra-
tionoftheinstrumentrepresentedan initialexcessthrustof

3,935P~ds. An oscillationofasmch astlOOorabout@Z percentof

fuld--scaledeflectionwassuperimposedonthemeanlevelofthereading.
Thefrequencyoftheoscillationdidnotcorrespondto thenaturalfre-
quencyoftheinstrument.Above~ hots thenosewheelwasapparently

.

—



NACATN-3252 IL

beginningtorise;thisrisegavea spuriousindicationof increasingaccel-
erationorthrustasa resultoftheincreasingattitudeangle.

A partialpowerfailureduringtike-offwasshilatedforthesecond
test.Enginespeedwaskeptat 99percentas intheprevioustestup to
an airspeedof 55knots.Theindicatorreadingwasverynearlythesame
asbefore(within50ontheaverageorabout1 percentoftheprevious
indication)andthusindicatesthattheattitudeangleoftheairplane
remainedessentiallythesameforsuccessivetake-offs.Whentheengine
speedwasreducedabruptlyfrom99to 90percentof ratedp-peed,the
take-offindicatorrespondedquickly;thatis,itchangedfroma mean
levelreadingof37Y to 2920. Thisbhsmgerepresentsa reductionin
initialexcessthrustof1)050pounds.Thechangeh staticthrustfor
theindicatedchangeinenginespeedisshownbytheenginemanualtobe
1,150pounds.Whentheenginespeedwasrestoredto 99percentatabout
80knots,thetake-offindicatorreadingreturnedto itsinitialvalue.
Inthiscase,thenose-wheellift-offwiththeassociatedfalseindica-
tionof increasedthrustapparentlystartedatabout85to 90knots.

A partialpowerlossthroughoutthetake-offwass-ted inthe
thirdtest.Enginespeedofapproximately94percentnormalwasmain-
tained.Thistimethecamerawasturnedon intimetorecordthewindup
ofthetake-offindicatorneedle.Afterreleaseofthebrakes,theneedle
qyicklyrotatedtoandremainedataround330°up toa veloci@ofabout
60hots. ‘I!hen,apparentlyasa resultofa slightengine-speedincrease,”
theneedlemovedto335°andremainedinthispositionuntila veloci~
of 80hots wasreached.!llhenosebeganliftingatabout80lmots.The
readingof330°onthetake-offindicatorrepresentsan Mtial excess
thrustof 3,315poundsor a reductionof 575poundsfromthe99-percent
engine-speedcondition.3brcomparison,thereductioninstaticthrust
asesthatedfromtheenginemanualwas700pounds.

Thel-cycle-per-secondfluctuationintheinstrumentreadingwhich
occurredinalltestsisundesirablebuttolerdble.Thefalseindication
presentedbytheinstrumentafternose-wheellift-offis startedisnot
believedtobe a seriou#fault,particularlyffnose-wheellift-offis
delayeduntilafterreachingthecriticalspeed.

CONCLUDINGREMARKS

An instrumentisproposedwhichisdesi~edtopresenttothepilot
a constantpredictableindicationduringtake-offaslongastheairplane
isfunctioningnormallyaswe~ asto showa rapidproportionatechange
in indicationifa malfunctionoftheairplanecausesa reductioninnet
acceleratingforcebelownormal.

— — — —-- ——
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Properfunctioningoftheinstrument,
erometerunitasa basicelement,requires
theairplaneshouldnotvsxysubstantially

NACATN 3252

whichincorporatesan accel-
thattheattitudeangleof
duringthepartofthetake-

offofinterest,thatis,& to criticalspeed.“l%ke-offmeasurements
withthreetricycle-gesredairplanesincludinga largebomber,a jet
fighter,anda jettrainerindicatedthat,forthesecases,atleast,
thisrequirementwassatisfiedup tonose-heellift-offspeed.

A preliminarytestinstrument,lacldngtheexternaladjustmentand
presetting,provisionsreqtiedforan operationalversionofthedevice,
wastestedina jettraineranditsperformanceappearedtobe satisfac-
tory. Theindicatorrespondedqticklyto changesinthrustshulating
partialpowerfailure.The‘=adingwasessentiallyconstantfora given
powersettingup tothestartofnose-wheellift-off and was consistent
forsuccessivetake-offs.A fluctuationoftheindicationoftheinstru-
ment(1cyclepersecond)ofasmuchas3 percetiofthemeanreading
occurredinalltests;al-thoughthisvariationisundesirable,itwas
notconsidereda seriousdefect.

~ viewofthesimplici~ofthisinstrument,itshouldbereliable
andfreeof servicemaintenanceproblems.Itisfeltthata take-off
indicatoroftheproposedtypemeritsconsiderationforimprovingsafety
inthetake-off,particularlyincaseswherethetake-offperformance m
maybewginal.

LangleyAerofiuticalIaboratoryi
National.AdvisoryComnittieforAeronautics,

IangleyField,Vs.,July22,1954.
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